This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



THIS PAGE BLANK (USPTO) 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




per 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 5 
F42B 39/14, B65D 88/14 



Al 



(11) International Publicati n Number: 
(43) International Publication Date: 



WO 93/06430 

1 April 1993(01.04.93) 



(21) International Application Number: PCT/US92/080 1 1 

(22) International Filing Date: 21 September 1992 (21.09.92) 



(30) Priority data: 
763,007 



20 September 1991 (20.09.91) US 



(71) Applicant: SRI INTERNATIONAL [US/US]; 333 Raven- 

swood Avenue, Menlo Park, CA 94025-3493 (US). 

(72) Inventors: SANAI, Mohsen ; 854 Marshall Drive, Palo Al- 

to, CA 94303 (US). GREENFIELD, Gary ; 3566 
Bournemouth Court, San Jose, CA 95136 (US). 

(74) Agents: LANGE, Richard, P.; SRI International, 333 Rav- 
enswood Avenue, Menlo Park, CA 94025-3493 (US) et 
al. 



(81) Designated States: CA, JP, European patent (AT, BE, CH f 
DE, DK, ES, FR, GB, GR, IE, IT, LU, MC, NL, SE). 



Published 

With international search report. 



(54) Title: LUGGAGE CONTAINER WITH REINFORCED WALLS FOR PROTECTION AGAINST BOMB EXPLO- 
SIONS 




(57) Abstract 

A bomb-resistant luggage container of this inventi n minimizes the effects of a bomb expl sion by effectively containing 
the explosive shock wave and explosion debris, while allowing a controlled venting, of detonation products. Methods of making 
the blast-resistant luggage container of this invention are disclosed. Methods of containing an explosion are disclosed. Methods 
of retrofitting existing non-blast-resistant luggage containers are also shown. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify State, party to the PCT on the front pages of pamphlet* publishing international 
applications under the PCT. 



AT Austria 

AU Australia 

BB Barbados 

BE Belgium 

BF Burkina Fa*o 

BC Bulgaria 

BJ Benin 

BR Braz.il 

CA Canada 

CF Central African Republic 

CC Congo 

CH Switzerland 

CI Cote d'lvoirc 

CM (jmcroon 

CS Chechoslovakia 

CZ C*cch Republic 

DE Cermany 

DK Denmark 

ES Spain 



Fl Finland 

FR France 

CA Gabon 

CB United Kingdom 

CN Guinea 

CR Greece 

HU Hungary 

IE Ireland 

IT Italy 

JP Japan 

KP Democratic People's Republic 

of Korea 

KR Republic of Korea 

LI Liechtenstein 

LK Sri Lanka 

LU Luxembourg 

MC Monaco 

MC Madagascar 

Ml Mali 



MN 


Mongolia 


MR 


M J uh tan ia 


MW 


Malawi 


NL 


Netherlands 


NO 


Nurwu> 


tiZ 


New Zealand 


PL 


Poland 


PT 


Portugal 


RO 


Romania 


RU 


Russian Federation 


SD 


Sudan 


SE 


Sweden 


SK 


Slovak Republic 


SN 


Senegal 


su 


Soviet Union 


TD 


Chad 


TC 


Togo 


UA 


Ukraine 


US 


United Stales of America 



WO 93/06430 



PCT/US92/08011 



Luggage container with reinforced walls for protection against bomb explosion 

Technical Field 

This invention relates to containers for the storage and transport of 
items which may potentially contain an explosive device such as a bomb, 

Background Art 

International terrorism has escalated in recent years. In 1990 a Pan 
Am jet exploded over Lockerbie, Scotland, Trilling all aboard. The explosion 
has been attributed to a terrorist bomb which was placed in the cargo hold. 

U.S. Patent 3,786,956 shows a laminated container for explosives. The 
container is capable of at least partially absorbing a detonation by delamination 
of the laminated walls. Explosives placed within the container are spaced 
from contact with the outer walls of the container by a support structure. The 
support structure can comprise, for example, a net, or a material such* as 
plastic foam or foam rubber. 

U.S. Patent 4,055,247 shows an explosion containment device including 
three layers of steel and crushable layers intermediate to the steel layers. 

U.S. Patent 4,432,285 shows an aircraft explosive storage containment 
unit. The container acts to attenuate the effects of a bomb blast and direct the 
force of the explosion into a specific area. In use, the bomb is placed within the 
container, and the container is placed in a structurally non-sensitive portion of 
the airplane, with a least attenuating (failure mode) portion directing the blast 
effects outward through the aircraft hull. 
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The use of each of these explosive containment devices requires that an 
explosive device be identified- Once the bomb is identified, a person is placed at 
risk as they put the explosive within the containment device. The devices 
generally include large amounts of steel for blast containment, and thus are 
5 heavy. None of the devices are suitable for the enclosure and transport of large 
amounts of items such as luggage which may potentially contain an explosive 
device. 

It would be desirable to provide a transport structure which is sturdy 
and relatively lightweight, can be used to containerize and transport luggage 
1 0 within an aircraft or other transportation means, and which is bomb-resistant 
or bomb-proof. 

TTigglogTirp of Invention 

A blast-resistant luggage container of this invention minimizes the 
effects of a bomb explosion by effectively containing the explosive shock wave 

1 5 and explosion debris, while allowing a controlled venting of detonation 
products. The blast-resistant luggage container comprises a first end, a 
second end, and a tubular body section. The tubular body section includes, at a 
TTv^Trmm, a debris capture layer and a pressure mitigation layer. Preferably, 
the body section comprises series of layers, each layer having a specific 

20 functionality. For example, the body section can comprise a first pressure 
mitigation layer affixed internal to a structural support layer, and a debris 
capture layer and an outer pressure mitigation layer external to the structural 
support layer. Alternate functional embodiments and laminate structures are 



2 

SUBSTITUTE SHET 



WO 93/06430 



PCT/US92/08011 



presented. One or more rupture ports may be present. Fire retardant 
materials may be present within one or more of the layers. 

Methods of making a blast-resistant luggage container of invention 
are disclosed. Methods of retrofitting existing non-blast-resistant ("old style") 
5 luggage containers are given. 

Brief Description of Drawings 

Figure 1 shows the use of bomb-resistant luggage containers of this 
invention within an aircraft. 

Figure 2 shows a bomb-resistant luggage container of this invention. 

1 0 Figure 3 shows the effects of explosive conditions upon cross-sectional ~ 

configurations of variously configured bomb-resistant luggage containers. 

Figure 4 depicts alternate layer structures which make up the body 
portion of a b omb-re sis tant luggage container. 

Figure 5 through Figure 7 show alternate embodiments of bomb- 

1 5 resistant luggage containers of this invention. 

Figure 8 demonstrates the pressure curves within and surrounding a 
bomb-resistant luggage container in which a bomb has exploded. 

Best Modefsl for Carrying Out the Invention 

The explosion of a bomb includes two separate d flTnag p-caTising 

2 0 phenomena: the detonation products; and the explosion debris. " Each of these 
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must be contained or controlled if the effects of the bomb blast are to be 
minimized* 

The term "detonation products' refer to gases and the shock wave (a 
front of significantly increased pressure) which are produced during the 
explosion. The shock wave which radiates outward from the explosion site 
carries significant damage potential. The 'explosion debris" includes solid 
materials such as fragments of the bomb and the material surrounding the 
bomb which are propelled outward by the bomb blast. The bomb-resistant 
luggage container of the subject invention includes components which are 
designed to contain and controlthe effects of the detonation products and of the 
explosion debris. -Explosive conditions" refer to the explosion of a bomb or 
other explosive device within a luggage container. 

The Figures are drawn for clarity and are not drawn to scale. Similar 
numbers refer to similar structures throughout the Figures. 

Figure la shows the configuration of aDC-10 aircraft 101 (McDonnel- 
Douglas) with an upper-galley configuration. The body of the aircraft is cut 
away to show standard positioning of luggage containers 110 within the cargo 
hold 112. Passenger seating is located above the cargo hold 112. 

The use of luggage carriers in an airport setting is relatively routine. 
2 0 Luggage is collected from passengers and tagged as to destination. If a 
physical or electronic search is done of the luggage, it is done before the 
luggage is loaded into a luggage carrier. Generally, no such search is done for 
domestic flights. Luggage on international flights may be searched or 
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scanned, or a representative sample may be searched or scanned. Luggage - 
from various passengers which is going to a single destination is loaded into a 
luggage carrier. The luggage carrier is then loaded onto an aircraft going to 
that destination. 

5 As shown in Figures la, lb and lc, luggage carriers are packed tightly 

and efficiently within the cargo hold 112. Figure lb shows a cross-sectional 
view of two luggage carriers 110 within the cargo hold 112 taken through line 
lb-lb of Figure la. In an effort to maximize the effectively used space,.one 
corner of the body of the luggage carrier 110 is generally manufactured to 
1 0 conform to the aircraft hull 114. 

Figure lc shows a cross-sectional view of a row of eight luggage carriers 
taken through line Ic-lc of Figure la. The effect of a bomb explosion within 
one of these luggage carriers is very different when unreinforced luggage 
containers are used than when luggage containers of the subject invention are 
1 5 used. 

For example, when a bomb is placed within an unreinforced luggage 
carrier 110m within the row shown in Figure lc, and detonated, the detonation 
products and debris impact the hull of the cargo hold 112 from each of the three 
exposed sides. The explosion products are absorbed on three sides by the 
20 luggage carriers adjoining the one which contained the bomb. 

In contrast, when a bomb is placed within a reinforced luggage carrier 
of this invention 110m within the row, and detonated, the detonation products 
and debris are contained within the body of the bomb-resistant luggage 
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container at each of the three exposed sides. The explosion products are 
absorbed at the two ends by the luggage carriers adjoining the one which 
contained the bomb. 

The bomb-resistant luggage containers of the subject invention are 
preferably constructed to fit the standard size and durability parameters of . 
luggage containers which are widely used by the airline industry. The weight 
of the bomb-resistant luggage containers will vary depending upon the specific 
materials used, and the specific blast parameters which the container is 
designed to safely enclose. Generally, the more bomb-resistant the luggage 
container is, the more it will weigh. However, luggage containers built in 
accordance with the disclosure herein can be manufactured to be relatively 
lightweight and yet withstand an exploding device containing an equivalent of 
3 lb. (1.4 kg) high explosive. 

The specific configuration of a bomb-resistant luggage container of this 
invention is not critical Generally, a preferred configuration provides a 
luggage container designed to provide quick and easy access to the stored 
luggage. It is also designed to withstand being moved by truck, crane, fcrklift, 
elevators, escalators, and the like, without undue structural damage to the 
container or its contents. The luggage within the container should remain 
within the container even if the container is accidentally dropped or otherwise 
subjected to rough handling. 

Figure 2 shows the external configuration of one bomb-resistant luggage 
container 210 of this invention. The luggage container has a first end 216 
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which includes a hinged door 218, a handle means 220, and a rupture port 222. 
Opposite the first end 216 is the second end (not shown). The second end can be 
substantially similar to the first end and provide access to the interior of the 
container. Alternatively, the second end can be solid, so that access to the 
5 interior is only through the door on the first end. 

The first and second ends can comprise solid fixed or removable panels, - 
especially panels made of aluminum or other metals, polymer, plastic, and the 
like. Alternatively, the ends can comprise a fabric panel which is secured in 
position (as shown in Figure 6). The first and second ends can be substanuaily 
1 0 ' similar, or they can be substantially different in materials or design. Ac least 
one of the first and second end provides access to the interior of the container. - - 
If a hinged door 218 is present, the door can have any desired physical 
parameters and attributes. For example, the door 218 can be hinged, cr pivotal 
on any axis, or it can be removeable. A multiplicity of doors (two, as shown in 

1 5 Figure 7, or more) can be present. Similarly, the handle means 220 can be 

easily varied to any desired configuration, or omitted altogether. 

A rapture port 222 can be present in one or both ends of the luggage 
container. The rupture port 222 acts as a preferred failure mode under 
explosive pressure. Various types and configurations of rupture ports are 

2 0 known in the art. For example, an aluminum door or wall can include a 

scored or pre- weakened area which will rupture prior to the rupture of the 
remainder of the wall. Alternatively the door can include a large circular port 
that is covered with an impulse sensitive diaphragm. The diaphragm is pre- 
scarred along the radius at several locations so that the diaphragm ruptures 
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when the pressure inside the container exceeds a threshold value for a 
spewed duration. The ratio of the venting area to the container volume as 
well as the strength and thickness of the rupture diaphragm can be adjusted to 
achieve the desired level of confinement of the detonation products. 

5 Because the body portion of the luggage container is a generally rounded 

tube under explosive force, the explosion pressure and debris which are not 
absorbed by the body portion are forced generally axially along the length of the 
tube, toward and/or through the end pieces. To provide maximum aircraft 
protection from bomb damage, the bomb-resistant luggage containers are 
1 0 arranged side by side with the end piece of each unit adjacent the end piece of 
the next unit. To nummize risk, the containers placed next to the aircraft 
walls should be filled with suitcases which have been thoroughly checked 
before the night, or with materials such as factory-sealed products or sealed 
mail bags. In this configuration, an explosion which occurs in an inner bomb- 

1 5 resistant luggage containers is contained largely within the unit in which the 

explosion occurred. Physical debris which escapes is contained largely within 
the units surrounding the unit in which the explosion occurred. 

The body section 224 of the blast-resistant luggage container is a 
generally tubular structure, i.e., has a cross-sectional shape and a length. 

2 0 The specific cross-sectional outline of the tubular structure prior to an 

explosion is not critical. For example, as shown in Figure 3, the body section 
can be rectangular, eccentric, or square in cross-section prior to an internal 
explosion. The cross-sectional shape can be designed for convenient use in the 
specific application. Under explosive force, however, the body section of the 
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blast-resistant luggage container becomes substantially round in cross- 
section. This round cross-section provides hoop strength, and minimizes the 
potential failure modes of the luggage container- Other cross sectional shapes 
(not shown) which may find use include circular, oval, triangular, hexagonal, 
5 and the like. 

The bomb-resistant luggage container includes at least one pressure ' 
mitigation layer which is tubular when expanded, for example by explosion. 
When only one such pressure mitigation layer is present, it is the outermost 
layer. The pressure mitigation layer acts to contain, and slowly vent, the 
1 0 detonation products and pressure variations. The inner layer (or series of 
layers) is a debris restraining layer. The debris restraining layer aces to 
contain solid materials which are propelled outward by the bomb blast, and 
acts to provide structural integrity to the luggage carrier unit. A structural 
support layer or mechanism can be present. Alternatively, the debris 

1 5 restraining layer(s) acts as the structural support. 

Figure 4a shows a diagrammatic cross-sectional view of the luggage 
carrier of Figure 2, taken through line 4c-4a. The multi-layered structure 
shown in Figure 4a is a currently preferred embodiment. It includes, 
sequentially, an outer pressure mitigation layer 426, a structural supporting 

2 0 layer 428, an inner foamed offset layer 430, and an inner pressure mitigation 

layer 432. In this preferred embodiment, the structural supporting layer 428 
the foamed offset layer 430 act together to form the debris capture layer 434. 
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The outer pressure mitigation layer 426 is a flexible, flow-through sheet, 
preferably having a relatively thin cross-section. The outer pressure 
mitigation layer 426 takes a tubular shape, open at each end but seamless 
throughout the body of the container. The purpose of the pressure mitigation 
5 layer is to allow the detonation products to vent slowly through, while the 

debris restraining layer encloses all or most of the solid debris generated by the 
explosion. The outer pressure mitigation layer 426 preferably also acts to 
enclose any solid debris which is not completely enclosed by the debris _ 
restraining layer. The pressure mitigation layer is made of a strong, light, 

0 high-density material such as Kevlar, fiberglass, manila rope, metal or 

metallized threads, or a plastic such as polypropylene or nylon. The sheet can 
be felted or woven, for example. The sheet can be a porous sheet, for example, 
having a closed-pore or open-pore structure. The sheet can be constructed 
using- one or more perforated or porous layers. When the tubular sheet 

5 includes multiple layers, each layer can be a tubular structure. Alternatively, 
the layered material can be generally spirally wrapped ("mummy-wrapped") 
into a tubular form. The spiral wrap includes sufficient overlap of the sheets 
that the layer functions as a seamless tube under explosive conditions. 

The debris capture layer 434 has the function of containing the 
20 Tna^urn amount of debris possible within design parameters. By containing 
blast debris the debris capture layer 434 acts to protect the outer mitigation 
layer 426 from damage, as well as protecting the surrounding area from such 
debris. In a preferred embodiment, the debris capture layer 434 comprises 
separate layers for structural support and for blast containment. 
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The supporting: layer 428 in the preferred embodiment shown in Figure 
4a comprises a luggage carrier made, for example, from a metal such as 
aluminum, titanium or steel; from a polymeric or plastic material, or from a 
composite such as carbon fiber or fiberglass. Such luggage carriers are 
5 available commercially, such as those from Alusingen GmbH (Singen, 
Germany), A commercially available luggage carrier can be retrofitted to 
provide the bomb resistant qualities of the subject invention. Alternatively, a 
supporting structure or layer 42S can be manufactured. (Designs which 
provide structural support only at the edges of the luggage container, or only 
1 0 along the body of the luggage container, are shown in Figures 5 and 6.) 

The outer pressure mitigation layer 426 is designed not to fail in tension 
as it resists the blast pressure and the outward motion of the debris. However, 
it can be ruptured locally if a sufficiently large explosive charge is in a suitcase 
placed by chance next to the container wall. The offset layer 430, a low-densiiy 

1 5 foam layer present in a preferred embodiment, provides a standoff distance 

between the charge and the outer pressure mitigation layer 426. The standoff 
provided by the offset layer 430 allows the detonation gases to expand -and drop 
in pressure somewhat before they reach the container wall. Compression of 
the foam also absorbs part of the energy and softens the impact of the 

2 0 detonation gases on the outer portions of the container wall.- Given a large 

enough explosive charge, the container wall will deform severely, and perhaps 
even rupture, in the area closest to the detonation center. The offset layer 430 
is designed to ensure that the rupture hole grows slowly and the outer 
pressure mitigation layer 426 is not punctured prematurely. 
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Located interior to the offset layer 430 in Figure 4a is the inner pressure 
mitigation layer 426. Like the outer pressure mitigation layer 426, the inner 
pressure mitigation layer 432 is a flexible, flow-through sheet, preferably 
having a relatively thin cross-section. The inner pressure mitigation layer 432 
5 takes a tubular shape, open at each end but seamless throughout the body of . 
the container. Due to its location within the luggage container, it provides the 
first layer of protection upon bomb detonation. Because it is unshielded from 
blast debris, it may be pierced by flying debris (shrapnel). Piercing the inner 
pressure mitigation layer 432 reduces its ability to absorb and prolong the 
1 0 effects of shock waves. The inner pressure mitigation layer 432 acts together 
with the debris restraining layers) to enclose bomb debris while it mitigates 
the effects of the detonation products. 

Like the outer pressure mitigation layer 428, the inner pressure , 
mitigation layer 432 is made of a strong, light, high-density material such as 

1 5 Kevlar, fiberglass, mamla rope, metal or metallized threads, or a plastic such 

as polypropylene or nylon. The sheet is porous, and can be felted or woven 
from strands of material, or comprise one or more perforated layers. When 
the tubular sheet includes multiple layers, each layer can be a tubular 
structure. Alternatively, the layered material can be generally spirally 

2 0 wrapped ("mummy-wrapped") into a tubular form. "When two or more 

pressure mitigation layers are present (for example, an inner pressure 
mitigation layer and an outer pressure mitigation layer), they can be 
substantially similar in materials and structure, or they can be substantially 
dissimilar. 
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The preferred embodiments of a bomb-resistant luggage container of 
this invention include appropriate features to resist fire. For example, if a 
foam offset layer is present, it can be made of a fire-proof material. Standard 
pressure or temperature-activated fire extinguisher pellets can be included 
5 within the foam layer to control any fire and prevent it from spreading into 
other areas. 

The various layers which comprise the luggage carrier can be held 
together by chemical bonding agents (such as glues or hardening agents, tape, 
and the like); by physical means (such as bolts and nuts, wires, screws, and 
1 D the like); by pressure fitting (especially, for example, to attach an outer 

pressure mitigation layer 428 to the remainder of the structure); by molding of 
the pieces so that a close fitting is achieved; or using any other available means 
or combination of means. It is preferred that the outer pressure mitigation 
layer 428 and the inner pressure mitigation layer 432 (if present) include the 

1 5 minimum number of potential flaws. It is therefor preferable that pressure 

mitigation layers be affixed by chemical bonding, by pressure fit, or by molding 
of the parts, rather than by any means which provides a weakened area under 
explosive conditions. 

Figure 4b shows an alternate body structure in cross-sectional view. 

2 0 The outer pressure mitigation layer 426 is present. The debris capture layer 

434 comprises three separate layers: the outer ofiset layer 430a, the supporting 
layer 428, and the inner ofiset layer 430b. The inner pressure mitigation layer 
432 provides the innermost layer. 
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Figure 4c shows another body structure in cross-sectional view. An 
outer pressure mitigation layer 426 is present. The debris capture layer 434 
comprises two separate layers: the offset layer 430 and the supporting layer 
428. The inner pressure mitigation layer 432 provides the innermost layer. 

5 Figure 4d shows another alternate body structure in cross-sectional 

view. An outer pressure mitigation layer 426 is present. The debris capture 
layer 434 comprises two separate layers: the offset layer 430 and the 
supporting layer 428. 

Figure 4e shows another alternate body structure in cross-sectional 
1 0 view. An outer pressure mitigation layer 426 is present. The debris capture 
layer 434 provides both debris retention and structural functions. 

Figure 4f shows yet another alternate body structure in cross-sectional 
view. An outer pressure mitigation layer 426 is present. The debris capture 
layer 434 provides both debris retention and structural functions. An inner 

1 5 pressure mitigation layer 432 provides the innermost layer. 

Figure 5 shows a progressive, cat-away view of an alternate embodiment 
of the bomb-resistant luggage carrier of this invention. A frame 528 provides 
structural support only along the edges of the luggage container. Materials 
which are appropriate for the frame include metals such as aluminum and 

2 0 titanium, rigid plastics, and the like. Surrounding the frame 528 are an inner 

pressure mitigation layer 532, a foamed debris capture layer 530, and an outer 
pressure mitigation layer 526. End pieces (not shown) are attached to the 
frame 52S. 
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Figure 6 shows an alternate embodiment of the bomb-resistant luggage 
carrier of this invention. The body section 624 is rigid. The end pieces 516 are 
made of a tear-resistant materials (such as canvas, polymer or fiberglass- 
reinforced fabric, and the like) are attached firmly to the body section 624 using 
5 straps, hook-and-loop fasteners (velcro), buckles, or the like. 

Figure 7a shows another embodiment of the bomb-resistant luggage 
carrier of this invention. The end piece of the luggage carrier comprises two 
doors 736a and 736b. The body, section 724 and the doors are articulated to 
provide access into the interior of the luggage container. Figure 7b shows the, 
1 0 luggage carrier of Figure 7a in side -view, with the doors open. 

Example 1 

Manufacturing a Bomb-Resistant Luggage Carrier 

To manufacture a bomb-resistant luggage container of the subject 

1 5 invention: a generally cubic aluminum frame is created. The frame has a 

height of approximately 64 inches (1.6 meters), a width of approximately 60 
inches (1,5 meters), and a length of approximately 79 inches (2.0 meters). L'32 
• inch (0.8 mm) thickness aluminum sheets are fastened (for example, by 

riveting or using metal screws) on the four sides along the length of the frame, 

2 0 and on one of the ends of the frame. An aluminum door is fixed to the 

remaining end. 
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A 2 inch thick (5.1 cm) layer of flame-retardant urethane sheets is 
affixed to the interior of the aluminum frame using an adhesive. 

A perforated sheet of Kevlar is mummy-wrapped (spiral wrapped) to 
cover the outside of the aluminum frame to a depth of three thicknesses. The 
sheet of Kevlar is approximately 100 mils (2.7 mm) thick, for a total thickness 
of about 300 mils (8 mm) when wrapped around the frame. The wrapped 
Kevlar layer extends the outer length of the luggage carrier. The sheet of 
Kevlar includes perforations, each perforation having a diameter of less than 
about 1/S inch (0.3 cm). The total area of the sheet includes approximately 70^ 
Kevlar, and approximately 30SC perforations, with the perforations spread 
approximately evenly across the area of the sheet. Additional adhesive is used 
to the Kevlar to the outside of the aluminum frame as needed. 

A internal tubular blanket, made of woven Nylcn or propylene, is aSxed 
to the inside of the foam layer using an adhesive. This inner tubular blanket is 
1/4 inch (0.6 cm) thick and extends the inner length of the luggage carrier. 



Example 2 

Reioftt&ng a Non-Blast Resistant Luggage Carrier 

To retrofit a non-blast-resistant luggage container: an LD3 luggage 
container is obtained from Alusingen GmbH (Singen, Germany). A 2 inch 
thick (5.1 cm) layer of flame-retardant urethane sheets is affixed to the interior 
of the aluminum frame using an adhesive. 
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A tubular blanket made of woven Kevlar is affixed by pressure fit to the 
outside of the aluminum structure. This outer tubular blanket is 1/4 inch (0.6 
cm) thick, and covers the length of the aluminum structure. 

An inner tubular blanket made of woven Kevlar is affixed to the inside of 
the foam sheet layer using an adhesive. This inner tubular blanket is 1/4 inch 
(0.6. cm) thick, and covers the inside length of the structure. 

Example 3 

Manufacturing a Bomb-Resistant Luggage Carrier 

To manufacture a bomb-resistant luggage container of the subject 
invention: a generally cubic aluminum frame is created. The frame has a 
height of approximately 64 inches (1.6 meters), a width of approximately 60 
inches (1.5 meters), and a length of approximately 79 inches (2.0 meters). 1/32 
inch (0.8 mm) aluminum sheets are fastened (for example, by riveting) on the 
four sices along the length of the frame, and on one of the ends of the frame. 
An aluminum door is fixed to the remaining end. 

A tubular blanket made of woven Kevlar is affixed by pressure fit to the 
outside of the aluminum structure. This outer tubular blanket is 1/4 inch (Q.6 
cm) thick, and covers the length of the aluminum structure. 



Example 4 
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Bomb Explosion within an Unreinforced 
Luggage Carrier 

A 3 lb. (1-4 lug.) high, explosive charge is placed in luggage and loaded 
into a standard (non-bomb-resistant) luggage container. The luggage 
container has a volume of about 158 ft3 (13.3 m*). The luggage container is - 
loaded onto a DC-10 aircraft, and the aircraft takes flight. The bomb is 
detonated. A high-pressure shock wave carries debris from the bomb and 
from surrounding luggage against the side walls of the unreinforced luggage 
carrier. The luggage carrier is destroyed, with failure occurring along the 
seams at which the luggage carrier walls are joined. The panels are deformed 
and separate, and the pressure wave and debris exit the container 
substantially unabated. The structural walls of the aircraft are impacted by 
the shock wave and debris, causing potential rupture of the structural walls 
and aircraft failure. 

Examples 
Bomb Explosion within a Reinforced 
Luggage Carrier 

A 3 lb. (1.4 kg.) high explosive charge is placed in luggage and loaded 
into a bomb-resistant luggage container of Example 1. The bomb-resistant 
luggage container is loaded onto a DC-10 aircraft, and the aircraft takes flight. 
The bomb is detonated. A high-pressure shock wave carries debris from the 
bomb and from surrounding luggage against the side walls of the reinforced 
lu<yo . aere carrier. The bomb-resistant luggage carrier contains the explosion 
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within its body. Figure 8 shows the calculated effects caused by the explosion. 
The curve designated LC shows large oscillations inside the bomb-resistant 
luggage container due to reverberation of the detonation wave. Controlled 
venting of the detonation products reduces the pressure within the cargo hold * 
5 (curve CH) and extends by several orders of magnitude the duration over 
which the explosion impulse is applied to the aircraft structural shell. No 
shock loading occurs outside the bomb-resistant luggage container, so the 
pressure inside the aircraft luggage compartment increases slowly as the 
detonation products are venting out. The pressure inside the cargo hold rises 
1 0 slowly to no more than about 3 psi. This pressure is much less than the 
maximum pressure which such aircraft hulls are designed to withstand. 
With the severe initial shock environment mitigated by the bomb-resistant 
luggage' container, the pressure which builds up inside the luggage 
compartment can be vented out through passive rupture ports, if present. 

1 5 

While the invention has been described in connection with specinc 
embodiments thereof, those skilled in the art will recognize that various 
modifications are possible within the principles described herein. Such 
modifications, variations, uses, or adaptations of the invention, including such 

2 0 departures "from the present disclosure as come within known or customary 

practice in the art, fall within the scope of the invention and of the appended 
claims. 
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We claim: 

1. A blast-resistant container for luggage, said container having a first 
end, a second end, and a tody section, wherein said body section comprises a 
tabular wall having at least two layers: 

(a) a debris capture layer; and 

(b) a pressure mitigation layer. 

2. A container of Claim 1 wherein the pressure mitigation layer is made of 
a material selected from the group consisting of wool, fiberglass, polymeric 
materials, hemp, metal threads, metallized threads, and combinations 
thereof. 

3. A container of Claim 2 wherein the pressure mitigation layer is made of 
Kevlar. 

4. A container of Claim 1 wherein the pressure mitigation layer assumes a 
rounded tubular configuration when an explosion occurs within the container. 

5. A container of Claim 1 wherein the tubular wall further comprises a 
second pressure mitigation layer within the debris capture layer. 

6. A container of Claim 1 wherein the debris capture layer of the tubular 
wall comprises: 

(a) a structural support layer; and 

(b) a foam layer positioned within the structural support layer. 
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7. A container of Claim 1 wherein at least one end of said container 
includes a pressure release port. 

8. A layered bomb-resistant material comprising: 

(a) a tubular pressure mitigation layer; and 

(b) a debris capture layer adjacent to the pressure mitigation layer, 
wherein the tubular pressure mitigation layer assumes a rounded tubular ' 
shape curing an explosion within the container. 

9. A layered bomb-resistant material of Claim 8 further comprising: 

(a) a first tubular pressure mitigation layer, 

(b) a debris capture layer within the first tubular pressure mitigation 
layer; and 

* (c) a second tubular pressure mitigation layer within the debris 
capture layer. 

10. A layered bomb-resistant material of Claim 8 further comprising: 
(a) a first tubular pressure mitigation layer, 

Co) a debris capture layer within the first tubular pressure mitigation 
layer; 

(c) a foam layer within the debris capture layer; and 

(d) a second tubular pressure mitigation layer within the debris 
capture layer. 

11. A method of producing a container for transporting luggage, said, 
method comprising 

(a) providing a debris capture structure; and 
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(b) applying a tubular pressure mitigation layer to the debris capture 
structure; 

wherein the pressure mitigation layer assumes a rounded tubular shape 
during an explosion within the container. 

12. A method of containing an explosion, said method comprising 

(a) providing a debris capture structure; and 

(b) applying a tubular pressure mitigation layer to the debris capture 
structure; 

wherein the pressure mitigation layer assumes a rounded tubular shape 
during an explosion within the container. 

13. A method of retrofitting a non-blast-resistant container for luggage, said 
method comprising: applying a tubular pressure mitigation layer outside the 
body of the non-blast-resistant container, wherein the pressure mitigation 
layer assumes a rounded tubular shape during an explosion within the 
container. 

14. A tubular pressure mitigation blanket which assumes a rounded 
tubular shape during an explosion within the blanket. 
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